Objective: To verify, in extremely preterm infants, if disagreement between obstetricians and neonatologists regarding proactive management is associated with early death. Result: Obstetricians and neonatologists disagreed in 115 (24%) patients: only neonatologists were proactive in 107 of them. Disagreement between professionals increased 2.39 times the chance of death in the first day (95% confidence interval 1.40 to 4.09), adjusted for center and maternal/ neonatal clinical conditions.
Introduction
According to the International Liaison Group on Resuscitation, in 2010, 1 for neonates at the margins of viability or those with conditions that predict a high risk of mortality or morbidity, attitudes and practice vary according to region and availability of resources.
2 A systematic review 3 shows that at p22 weeks, no scientific society recommends active treatment for the mother to protect the fetus beyond offering compassionate care. A general agreement is also evident for week 25 0/7 to 25 6/7 : antenatal steroid administration are recommended, prenatal transport and Cesarean section are indicated to protect the fetus and resuscitation is offered to all infants without fatal anomalies. However, there exists a gray area for infants between 23 and 24 weeks, which, in some countries, extends through 25 weeks. 3 The active management of gestations at the limit of viability involves three important clinical decisions: the use of antenatal steroids, delivery method and resuscitation at birth. One prospective cohort study between 1993 and 2007 followed 5476 infants with 23 to 29 weeks gestation admitted for neonatal care. The overall mortality among infants exposed to maternal steroids was lower than in infants not exposed: 19% vs 35% at 24 to 29 weeks and 79% vs 89% at 23 weeks. 4 From 2000 to 2003, there were 23 580 live births with gestational ages of 23 to 26 weeks in the United States. Compared with vaginal delivery, the Cesarean section reduced the risk of neonatal death: the adjusted odds ratios were 0.52, 0.72, 0.81 and 0.92 for 23, 24, 25 and 26 weeks, respectively. 5 In the same study, 8% of the 125 542 live births with 22 to 31 weeks of gestation had Apgar scores <4 at 5 min, which indicates that resuscitation procedures were frequently needed among preterm infants. However, extensive cardiopulmonary resuscitation at birth is also associated with a higher risk of mortality for neonates at the limits of viability. 6 Perinatal treatment decisions at low gestational age are complex, because they affect both the mother and the fetus, and the balance between risk and benefit may be quite different for each of them. 7 Professional groups may perceive the desired outcome differently, which may cause discrepancies in their willingness to use interventions at borderline viability. 8, 9 Despite evidence suggesting that there are different views among health professionals about the perinatal management of extremely preterm infants, 3 few studies have addressed the impact of these discrepancies on the mortality of preterm infants. The objective of this study was to understand whether the disagreement between obstetricians and neonatologists regarding proactive peripartum management of preterm infants with 23 to 26 weeks of gestation is associated with increased infant death within 24 h of birth. Proactive management was defined as the administration of antenatal steroids or performance of a Cesarean section by the obstetrician and as resuscitation at birth by the neonatologist.
Methods
A prospective cohort of live-born infants with a gestational age of 23 0/7 to 26 6/7 weeks and birth weight of 400 to 1500 g without congenital anomalies was used. Infants were born in one of the eight centers of the Brazilian Network on Neonatal Research between January 2006 and December 2009. All centers are public, tertiary university hospitals and serve as referral hospitals for high-risk pregnancies. The study was approved by the ethical committees of each institution.
At each Neonatal Intensive Care Unit, two or three neonatologists prospectively collected maternal and neonatal data on a web-based data system specially designed for Brazilian Network on Neonatal Research. Gestational age was preferentially defined by the hierarchy of obstetric measures (last menstrual period, followed by the first trimester ultrasonography) or by neonatal exam. 10 Regarding resuscitation procedures, the presence of ventilation at birth was considered when ventilation was given by bag and mask or tracheal tube in the first minutes of life. Aggressive resuscitation was defined when chest compressions and/or medications were added to ventilation at birth.
Proactive obstetrical management was defined as one of the following: when at least one dose of antenatal steroid (betamethasone or dexamethasone) was given or the infant was delivered by Cesarean section. For neonatologists, proactive management included resuscitation in the delivery room following the flow diagram published in 2005 by the Neonatal Task Force of the International Liaison Group on Resuscitation. 11 In the present study, infants were divided in three groups according to the obstetrical and neonatal management: positive agreement (when both were proactive), negative agreement (when neither was proactive) and disagreement (when either the obstetricians or the neonatologists were proactive).
Statistical analyses were used to compare the characteristics of the infants in the positive agreement group with those in the disagreement group. Variables associated with disagreement between obstetrical and neonatal management were analyzed using stepwise, backwards logistic regression. Independent variables were included in the model if the univariate analysis resulted in a P-value <0.20.
The characteristics of those patients who died in the first 24 h after birth were compared with those who survived this period. Variables associated with death up to 24 h after birth were analyzed by stepwise backwards logistic regression analysis. The disagreement between obstetricians and neonatologists was included in the initial model. Statistical analyses were performed with SPSS for Windows, version 17.0.3 (SPSS, Chicago, IL, USA).
To perform a power analysis, this study allowed for a 6.5% mortality rate within the first 24 h for the preterm infants meeting the inclusion criteria who receive antenatal steroids, are born by Cesarean section and are resuscitated at birth in the Brazilian Network centers. 12 If mortality increases three-fold when there is perinatal disagreement about proactive management, with a power of 80% and an alpha error of 5%, a sample of 110 patients would be needed to compare infant mortality within 24 h of birth between the positive agreement and disagreement groups.
Results
From January 2006 to December 2009, 3004 very low birth weight infants were born in the eight neonatal network centers. Of these, 484 (16%) had a gestational age between 23 0/7 and 26 6/7 , birth weight of 400 to 1500 g and absence of congenital anomalies. The number of patients in the network centers A, B, C, D, E, F, G and H was 47 (10%), 82 (17%), 50 (10%), 77 (16%), 59 (12%), 58 (12%), 67 (14%) and 44 (9%), respectively.
The distribution of the 484 newborn infants by obstetric management (antenatal steroids and delivery method) and delivery room resuscitation is shown in Table 1 according to gestational age.
In 356 (73%) neonates, both the obstetricians and the neonatologists were proactive (positive agreement group), whereas in 13 (3%) cases, neither was proactive (negative agreement group). In the positive agreement group, 154 (43%) were exposed to antenatal steroids and were delivered by Cesarean section. Obstetricians and neonatologists disagreed about perinatal management in 115 (24%) patients: obstetricians only were proactive in 8 cases and neonatologists only were proactive in 107 cases. The distribution of these data by gestational age is shown in Table 2 . The frequency of disagreement on the proactive management of care varied from 4% in network center D to 52% in center G.
The maternal and neonatal characteristics of infants from the positive agreement group and disagreement group are shown in Table 3 . Among the 13 cases in the negative agreement group, 10 infants had p24 weeks of gestation, 12 infants had birth weights between 400 to 749 g, 8 infants were male and 3 mothers presented with chorioamnionitis. The relative risk for death in the delivery room and death in the first 24 h after birth were 2.45 (95% confidence interval (CI) 1.26 to 4.76) and 1.54 (95% CI 1.25 to 1.90), respectively, when the disagreement group was compared with the positive agreement group.
The logistic regression analysis showed that, after adjusting for birth center and hemorrhagic syndromes, the following variables increased the chance of disagreement between obstetricians and neonatologists: maternal age <20 years (odds ratio (OR) 2.01; 95% CI 1.16 to 3.47), chorioamnionitis (OR 2.14; 95% CI 1.21 to 3.77) and gestational age of 23 to 24 weeks (OR 3.87; 95% CI 2.34 to 6.25). Multiple gestation reduced the chance of disagreement between health professionals (OR 0.45; 95% CI 0.25 to 0.80).
Death in the first 24 h after birth was evaluated in the 471 patients with positive agreement or disagreement between obstetricians and neonatologists. The characteristics of patients regarding survival after the first day of life are shown in Table 4 . Death in the first 24 h varied between centers, from 7% at Center B to 28% at Center G.
After adjusting for birth center, maternal age, prenatal care, maternal hypertension and multiple gestation, a logistic regression showed that the following variables were associated with death in the first day of life: gestational age of 23 to 24 weeks (OR 3.46; 95% CI 2.06 to 5.83), disagreement between obstetricians and neonatologists (OR 2.39; 95% CI 1.40 to 4.09), hemorrhagic syndromes during gestation (OR 2.38; 95% CI 1.18 to 4.80) and chorioamnionitis (OR 1.94; 95% CI 1.07 to 3.52).
Discussion
This Brazilian multicenter study shows that obstetricians and neonatologists disagreed on the proactive management of care in 24% of births between 23 and 26 weeks of gestation. In the vast majority of cases, a neonatologist resuscitated the infant after the obstetrician had not provided the mother with antenatal steroids or a Cesarean section. In the gray area on the border of viability, between 23 and 24 weeks, disagreements between professionals reached 44%. Yet even at between 25 and 26 weeks, when proactive management is recommended by most scientific societies, 3 disagreement occurred in 16% of cases. Among infants 25 and 26 weeks of gestation, 36% did not receive an antenatal dose of steroids, and only 40% had both antenatal steroids and a Cesarean section. Overall, the absence of active obstetrical management, despite resuscitation performed according to the international Abbreviations: C-section, cesarean section; GA, gestational age. guidelines, increased the odds of death in the first 24 h after birth by 2.39 times, after adjusting for confounding variables. Data from 9575 infants born in the NICHD Neonatal Research Network centers from 2003 to 2007 with gestational ages from 22 to 28 weeks and birth weights of 401 to 1500 g show increasing rates of active obstetric intervention after 23 weeks of gestation, as indicated by prenatal steroid administration and Cesarean section delivery. Similarly, the rates of neonatal interventions and intensive care, measured by active resuscitation with ventilation in the delivery room, increased substantially between 22 and 23 weeks: 19% vs 68%, respectively. The rates of death between 0 and 12 h after birth, reflecting the willingness to provide intensive care, decreased from 85% of infants at 22 weeks to 2% of infants at 28 weeks. 13 In addition to gestational age, chorioamnionitis and younger maternal age double the chance of disagreement between obstetricians and pediatricians for proactive management.
The presence of chorioamnionitis usually discourages the indication of both antenatal steroids and Cesarean section. Available guidelines list chorioamnionitis as a contraindication for antenatal steroids, although the scientific basis for this recommendation remains obscure.
14 According to Fishman and Gelber, 15 given the increase in maternal complications and the lack of maternal or neonatal benefit, Cesarean section should not be performed solely for chorioamnionitis. In adolescent mothers, the chance of premature delivery seems to be high. These mothers generally initiate prenatal care at advanced gestational ages, and obstetricians and midwives strive harder to avoid delivering teenage women by Cesarean section. 16 These factors may explain a decrease in the opportunity to administer antenatal steroids or to perform a Cesarean delivery.
The frequency of antenatal steroid use was lower in our cohort compared with the NICHD Neonatal Research Network: 24% vs 53% at 23 weeks, 55% vs 85% at 24 weeks, 67% vs 86% at 25 weeks and 61% vs 86% at 26 weeks. 13 Evidence suggests benefit of antenatal steroids across a wide range of gestational ages from 26 to 34 weeks in the current era of neonatal practice. At first dose, meta-analysis of randomized controlled trials show that antenatal steroids are effective to decrease neonatal mortality from 26 to 29 weeks of gestation, but not below 26 weeks. 17 Observational data of 4446 infants born between 22 and 25 weeks, with birth weights of 401 to 1000 g and no congenital anomalies, indicate that the administration of antenatal steroids decreases the incidence of death by 45% until 18 to 22 months of corrected gestational age. 18 Data from the Neonatal Research Network of Japan show that antenatal steroid exposure decreases intra-hospital mortality of infants born at 22 to 27 weeks of gestation. 19 The effects of antenatal steroids in decreasing neonatal mortality among preterm infants are also evident in middle-income countries, with an estimated reduction of 53%. 20 The frequency of Cesarean section in extremely preterm infants was also lower in our cohort than in the NICHD Neonatal Research Network: 11% vs 24% at 23 weeks, 36% vs 60% at 24 weeks, 54% vs 65% at 25 weeks and 64% vs 68% at 26 weeks. 13 The impact of surgical delivery on mortality in very low birth weight infants is confounded by multiple variables: the maternal risk factors for neonatal morbidity and mortality, the decision of the perinatal team to invest in infants' survival and the different strata of birth weight or gestational age used to analyze the outcome. 5 Lee and Gould reported that Cesarean sections had a significant protective effect, independent of maternal risk factors, for infants with birth weights of 500 to 1499 g, 21 but these results have not been confirmed by other studies. 18, 22 A study using US vital statistics data for the years 2000 to 2003 showed that Cesarean section seems to provide survival advantages for infants born from 22 to 25 weeks of gestation, independent of maternal risk factors. 5 According to the World Association of Perinatal Medicine, in 2010, Cesarean delivery for fetal indication should be offered 23 for births at 24 weeks and after if there are no severe fetal anomalies or growth restrictions. Proactive management of extreme prematurity R Guinsburg et al
Among the studied population, 96% were appropriately managed under neonatal resuscitation procedures, as determined by the 2005 International Liaison Group on Resuscitation guidelines to initiate ventilation, chest compressions and/or medications. This high percentage indicates that neonatologists at the study centers adhered to the proposed resuscitation guidelines at the limits of viability. Guidelines suggest that when gestation, birth weight or congenital anomalies are associated with almost certain early death, and when unacceptably high morbidity is likely among the rare survivors, resuscitation is not indicated. Examples may include extreme prematurity gestational age <23 weeks or birth weight <400 g. 11 The low rate of antenatal steroid exposure and Cesarean section in parallel with the almost universal resuscitation of the studied extremely preterm infants reflect different professional views on probable outcomes. One issue may be related to the translation of neonatal outcome data to the obstetric arena, causing gaps in communication between the professionals responsible for decisions in the delivery room. Khan et al. 24 explored the opinions of Irish healthcare providers on resuscitation and outcome in <28 weeks preterm newborns. They found that neonatologists have a more optimistic outlook at each gestational age compared with their obstetrical counterparts. Morse et al. 25 showed that in the United States, both obstetricians and pediatricians underestimated survival rates from 24 through 35 weeks of gestation. Obstetricians who underestimated neonatal survival would less frequently administer antenatal corticosteroids, perform a Cesarean section for fetal distress or transfer a mother to a tertiary center.
The main limitation of our study is the short-term primary outcome, defined as death in the first 24 h after birth. The study of longer-term outcomes would suffer the impact of intensive-care practices not directly related to peripartum management and extremely influenced by differences of practice between centers. 11 Another study limitation is the use of proxy measures to detect the willingness of obstetricians and neonatologists to invest in the viability of the infant. However, defining proactive obstetrical management as the administration of antenatal steroids and/or performance of a Cesarean section is consistent with the literature about obstetrical perinatal care at the threshold of viability. 3, 13, 26 Despite these limitations, this study followed a large cohort of extremely premature infants with consistent prospective data collection. The results show the impact of both antenatal steroids and Cesarean section together with neonatal resuscitation at birth on infant survival within the first 24 h. Appropriate decision-making at the threshold of viability requires constant communication between obstetricians and neonatologists to ensure the best outcomes for infants and their families.
